Study design: Prospective multi-center cohort study. Objectives: To compare the neurological and functional recovery between tetraplegic BrownSéquard-plus syndrome (BSPS) and incomplete tetraplegia (non-BSPS).
Introduction
The Brown-Séquard syndrome (BSS) is a syndrome consisting of ipsilateral upper motor neuron paralysis (hemiplegia) and loss of proprioception with contralateral pain and temperature sensation deficits. 1 Common causes of BSS include penetrating trauma, syringomyelia, spinal neoplasms, disc herniation, spinal cord herniation, viral myelitis or blunt injury. [2] [3] [4] Most descriptions of BSS, however, are less pure forms of the syndrome; 4,5 therefore a derivative has been introduced with the term Brown-Séquard-plus syndrome (BSPS). 4, 6 BSPS is a spinal cord injury (SCI) with bilateral involvement of upper and/or lower extremities and is defined as an incomplete SCI syndrome with ipsilateral weakness and contralateral loss of pinprick and temperature sensation. [4] [5] [6] According to the International Standards for Neurological and Functional Classification of Spinal Cord Injury Patients, BSS is a syndrome that produces relatively greater ipsilateral proprioceptive and motor loss and contralateral loss of sensitivity to pain and temperature. 7 The definition of BSS by the American Spinal Injury Association (ASIA) 
Materials and methods

Study population
Patients were included in the study whether they had an incomplete traumatic SCI injury (ASIA impairment scale (AIS) B, C or D) 7 at neurologic levels C2-T1. The BSPS was defined as an incomplete syndrome with ipsilateral weakness and contralateral loss of pinprick sensation. [4] [5] [6] Differences of 40 between left and right ASIA total motor and total sensory scores were considered asymmetric left-right neurological deficits.
As we were only interested in the neurological and functional recovery of BSPS patients, 'classic' BSS patients were excluded. The definition that was used for BSS is as following: a syndrome consisting of ipsilateral upper motor neuron paralysis (hemiplegia) and loss of proprioception with contralateral pain sensation deficit. 1 Patients with a severe cognitive impairment, peripheral nerve lesion, incomplete database record, nontraumatic spinal cord lesion, polyneuropathy or craniocerebral injury were not included in the EM-SCI database. In patients where chronic phase (12 months) follow-up measurements were not recorded, the 6-months follow-up measurements were used for analysis. The study protocols were approved by the local ethics committees and the patients gave their informed consent before entering the study.
Neurological outcomes
Neurological examinations were conducted according to the ASIA standards. 11 All patients with completely conducted acute phase examinations (within the first 15 days after the injury), that is, the upper extremity motor score (UEMS), the lower extremity motor score (LEMS), ASIA pin prick score and ASIA light touch scores were included for the analysis. On the basis of ASIA sensory and motor scores, neurological level of injury (NLI) and AIS grade were defined. Acute and chronic phases were assessed for the total upper extremity motor score, the total LEMS, the total ASIA pin prick scores and the total ASIA light touch scores in each patient during follow-up.
Functional outcomes
The Spinal Cord Independence Measure (SCIM) is an instrument that focuses on performing everyday tasks, and captures the disability and the impact of disability on the patient's overall medical condition and comfort. 12 The SCIM II 13 consists of three main categories, namely, (1) self-care, (2) respiration and sphincter management and (3) mobility. The chronic phase was assessed for self-care (SCIM II items 1-4), respiration and sphincter management (SCIM II items 5-8), mobility in room and toilet (SCIM II items 9-11) and mobility indoors and outdoors (SCIM II items 12-16) in each patient during follow-up.
Statistics
Descriptive statistics on age, gender and AIS were used to provide general information of the study population. Subanalysis on NLI, AIS (w 2 analysis) and age (Student's t-test) was carried out to identify possible differences between BSPS patients and other incomplete tetraplegia (non-BSPS patients).
The mean ASIA scores were calculated for both acute and chronic phases. The median SCIM II scores were calculated for the chronic phase. Differences in ASIA and SCIM II scores between BSPS and non-BSPS patients were calculated using Student's t-tests and Wilcoxon signed rank tests, respectively. The differences were considered statistically significant at Po0.05. Data were analyzed using SPSS software (version 16.0, SPSS, Chicago, IL, USA).
Results
Among the 1365 traumatic SCI patients within the EM-SCI database, 228 (17%) met the study criteria (see Figure 1 ). Follow-up SCIM II measurements and ASIA motor and sensory scores were available in 148 (65%) patients. The mean patient age at time of injury was 48 years (range: 15-88) and 23% were females. Acute phase AIS grades were B (n ¼ 31, 21%), C (n ¼ 47, 32%) and D (n ¼ 70, 47%) (see Table 1 ).
A total of 52 (4%) SCI patients were identified to have the BSPS. Of these 52 BSPS patients, 7 (14%) patients had 6 months and 23 (44%) patients had 12 months follow-up SCIM II measurements and ASIA motor and sensory scores. Non-BSPS was identified in 176 (13%) SCI patients. Of these 176 non-BSPS patients, 16 (9%) patients had 6 months and 102 (58%) patients had 12 months follow-up SCIM II measurements and ASIA motor and sensory scores. No SCI patient was identified to have BSS ( Table 1 ).
The range difference in left and right ASIA total motor score at baseline and follow-up was 1-30 (mean 11.4; s.d. Subanalysis identified no differences for age, NLI, AIS C and AIS D between BSPS and non-BSPS patients. However, motor complete SCI's (AIS B) were significantly (Po0.001) more identified in non-BSPS patients (n ¼ 30) compared with BSPS patients (n ¼ 1).
In BSPS patients, the following subitems during the chronic phase showed significant differences compared with non-BSPS patients: bathing (upper body), grooming, sphincter management (bladder and bowel), use of toilet, mobility indoors, mobility for moderate distances, mobility outdoors and transfers from wheelchair to car (Table 2 ). In addition, BSPS patients had higher mean LEMSs during acute and chronic phases compared with non-BSPS patients (Table 3) .
Compared with 30 non-BSPS patients, only one BSPS patient was identified to have an AIS B (Table 1) . Therefore, after excluding AIS B patients we repeated our analyses. Subanalysis identified no differences for age, AIS and NLI between BSPS and non-BSPS patients. Except for sphincter management of the bladder (Po0.02), no significant differences in other SCIM II subitems and ASIA motor or sensory scores were identified between 29 BSPS patients and 88 non-BSPS patients. After 12 months, the median scores for sphincter management of the bladder for both BSPS and non-BSPS patients were 15. Both 25 and 75% quartile median scores were 15 for BSPS patients and 12 and 15 for non-BSPS patients.
Discussion
In this study, we compared the differences in neurological and functional recovery between tetraplegic BSPS and non-BSPS patients and identified that patients with BSPS or non-BSPS have a similar neurological and functional recovery when matched for the AIS.
Our results showed a favourable recovery of bathing of the upper body, grooming, sphincter management, use of toilet, mobility indoors and outdoors (SCIM II items 12-14 and item 16) and the LEMS in BSPS patients compared with other incomplete tetraplegic patients. All these significant differences became nonsignificant when the groups were stratified for injury severity by excluding patients with AIS B. However, sphincter management of the bladder seemed to be significantly better in BSPS patients after exclusion of the AIS B patients.
This study shows that the favourable neurological and functional recovery in patients with BSPS is predominantly determined by injury severity. In other words, compared with BSPS patients, more non-BSPS patients had an AIS B. As patients with an AIS B generally have a neurological and functional recovery to a much lesser degree than patients Analyzed patients: n=148 Traumatic cervical Brown-Séquard-plus syndrome MH Pouw et al with an AIS C and AIS D, 14, 15 BSPS patients in this study could be expected to have a relatively better recovery than non-BSPS patients. Therefore, compared with incomplete tetraplegic patients, BSPS patients do not have a better, but a similar neurological and functional recovery if corrected for the injury severity (AIS). Although no study was identified that investigated the functional and neurological recovery between cervical BSPS and incomplete tetraplegia, two studies reported on the functional recovery in BSPS patients. 6, 16 McKinley et al. 16 retrospectively reviewed and compared the functional outcomes in patients with SCI syndromes during inpatient rehabilitation. This study 16 used the BSS definition of the International Standards, 7 which is essentially the same as the BSPS concept. Mckinley et al. 16 reported on 30 BSPS patients and concluded that cervical BSPS patients seemed to achieve higher functional improvements by discharge compared with patients with the traumatic central cord syndrome. 16 Roth et al. 6 retrospectively reviewed the functional outcomes in BSPS patients and concluded that BSPS patients generally have a good prognosis for neurological and functional improvement. 6 BSPS patients in this study remained to have a better bladder function compared with non-BSPS patients after 12 months. We have no valid explanation why BSPS patients have a better bladder function. Two studies support the finding that BSPS patients have good bladder function after rehabilitation. 6, 16 Mckinley et al. 16 identified that BSPS patients had the highest levels of independence in bladder function compared with other SCI syndromes. Roth et al.
6 19 The utility of currently applied BSS and BSPS diagnostic criteria therefore can be considered as limited.
As our data showed that the neurological and functional recovery in tetraplegic BSPS patients is comparable to that of other incomplete tetraplegic patients, classifying patients according to the currently used BSS 7 or BSPS definitions 6 seems to be clinically irrelevant. However, we suggest that the term relatively in the current BSS definition 7 should be abandoned and replaced by specific diagnostic criteria. An univocal quantified definition should result in a clear-cut classification for BSS. In addition, we believe that it is not necessary to define the BSPS as a separate SCI syndrome apart from BSS. Some limitations of this study warrant consideration. Several putative confounders such as treatment regimens, comorbidities, rehabilitation programs and walking aids have not been registered within the EM-SCI database. Furthermore, we presented the results from the second version of the SCIM, which is in use in the centers of the EM-SCI. However, a third version of the SCIM has been validated recently. 20 The third version includes a new item (transfer: ground-wheelchair) and the scoring of various subitems has been slightly modified, but the scores for the overall categories (self-care, respiration and sphincter management, and mobility) are unchanged. We believe that the results of our study are supposed to be independent of the SCIM version that was used, although the refinement of scaling of some subitems might result in the description of more nuances during functional recovery.
Conclusion
When matched for injury severity, cervical BSPS patients seemed to have a similar neurological and functional recovery compared with patients with an incomplete tetraplegia.
